The benefits of diploidy are considered to involve masking partially recessive mutations and increasing genetic diversity. Here, we review new studies showing evidence for diverse allele-specific expression and epigenetic states in mammalian brain cells, which suggest that diploidy expands the landscape of gene regulatory and expression programs in cells. Allele-specific expression has been thought to be restricted to a few specific classes of genes. However, new studies show novel genomic imprinting effects that are brain-region-, celltype-and age-dependent. In addition, novel forms of random monoallelic expression that impact many autosomal genes have been described in vitro and in vivo. We discuss the implications for understanding the benefits of diploidy, and the mechanisms shaping brain development, function, and disease.
By controlling spatial and temporal patterns of gene activity in response to physiological and environmental cues, gene regulatory mechanisms shape the development and function of the myriad of different cell types that compose the brain. The regulatory mechanisms governing gene activity in the brain are typically thought to apply similarly to the maternal and paternal alleles (see Glossary) for a given gene, such that the two alleles function as redundant backup copies. Established exceptions to this rule include canonical genomic imprinting [1], which silences one parental allele in offspring; random X inactivation in females [2, 3] ; allelic exclusion of immunoglobulins [4] , as well as random monoallelic expression of clustered protocadherins [5] ; and olfactory receptors [6] . Many of these cases involve genes with a uniquely clustered genomic organization. However, there is growing evidence for other forms of allele-specific gene regulation and expression; some of which have been comprehensively reviewed elsewhere [7] [8] [9] . Here, we review recent developments in this area that may advance our understanding of the function of diploidy, and open new opportunities for investigating how gene expression at the allele and cellular level shapes brain development, function and brain disorders.
Ploidy: Why Have Two (or More) Alleles?
Diploidy is often considered to have evolved to mask deleterious partially recessive mutations [10] , implying that maternal and paternal alleles are only backup copies for each other -similarly regulated and expressed. However, the details are more nuanced. If diploidy only masks deleterious recessive mutations, then haploinsufficiency in the absence of such mutations should not be a significant factor in shaping phenotypes and disease risks. On the contrary, recent large-scale mutant mouse phenotyping studies found that haploinsufficiency frequently had phenotypic effects, impacting 42% of the 90 genes tested [11] . In humans, hundreds to thousands of genes are predicted to be haploinsufficient, depending on the threshold criteria
Highlights
Recent studies show that allele-specific expression and epigenetic states are more prevalent at the cellular level in brain cells than generally thought. The expanded landscape of allelic effects involves imprinting and random monoallelic expression for autosomal genes.
Allelic effects may change our understanding of the benefits of diploidy. It is proposed that increased ploidy is beneficial for increasing epigenetic diversity and expanding the capacity of cells to activate different gene expression programs, thereby improving responses to stress and to unpredictable environmental cues.
Monoallelic and biallelic expression states in brain cells are regulated in a developmental-stage-and cell-typedependent manner.
